Energy development plans involving the use of solar energy are very beneficial from an environmental perspective. Its impacts are specific to geographic location; taking advantage of the solar energy potential basically depends on reliable estimates of the climatological amount of solar radiation received at the surface, which is a complex function of meteorological and environmental factors. Obtaining solar radiation data is essential for local development, to characterize them, there are several cutting-edge methods and technologies. One of them is the use of satellite images with high resolution. The aim of this paper is to assess the climatological aspects of incoming solar radiation in clear sky conditions in the State of Jalisco, Mexico and Guadalajara Metropolitan Zone. The results are intended to stimulate the use of solar radiation as an alternative energy source in an area where heavily relying on fossil fuel combustion.
Introduction
The planet Earth is going through a critical moment in environmental matters; the constant emission of Greenhouse Gases to the atmosphere, global and local climate change, the vulnerability and climatic variability coupled with sprawl of cities, appear to be out of control. The industrial development of the 19th century, the dependence on fossil fuels of the past century and today, they have caused society to leave the benefits that nature has provided. In this sense, one of the main concerns of governments around the world is the search for energy re-sources that allow its population an integral development [1] .
In this context, urban growth, technological development and the socio-economic structure are demanding greater consumption of energy. If this trend continues, reducing planetary fossil fuel reserves estimated at only 40 to 60 years; so, in a short time, these energy sources will come in stage of exhaustion and increase in prices [2] .
According to the above, the current energy model based on excessive consumption of fossil fuels requires a radical change. While it is true that the concern of the governments of the countries is to provide energy to the society, so must the environment. Given the situation, in recent years, it has been observed that large cities begin to experience changes in the way of using conventional technologies based on fossil fuels with renewable energy; including the use of solar heaters and/or photovoltaic cells.
In fact, within the principles of sustainability (economic, social and ecological) nature, it is based primarily on renewable solar energy, in other words, getting energy directly from Sun or indirectly via biomass, the movement of water and wind, as well as other forms of renewable energy such as geothermal in the interior of the planet. Referring to this, studies show that with continued government support, solar energy can provide 20% of the world's electricity by 2020
and 50% by 2050 [3] .
Different countries of the world are making efforts to promote its use so much, so that those who are not oil producers have significant experience regarding the use of solar potential based technologies. Use of them is a strategy that most developed countries demands from local and international aspects;
this provides the opportunity to guide activities in modern projects of governmental and social participation, business and the exploitation of the natural resources of the territory.
Some cities are advancing in the production of renewable energies, like solar.
An example to meet the required demand and achieve sustainable development for its people is Los Angeles city, California; this is the most important potential market of renewable energies (solar) in United States and one of the most promising in the world. This city is located to the Southwest and receives a fairly significant irradiation average of between 1 kW/m 2 . These conditions have resulted in that both the State authorities and the private sector continue to create a prospect of certainty for their promotion and development [4] .
Likewise, Spain has the right conditions for the provision and use of solar energy; indeed, it is one of the European countries that have one of the highest radiation surfaces [5] . Their situation with regard to other countries of the geographical area is comparatively favorable. Just to cite one case, the city of Madrid receives a daily average radiation between 4.6 and 5.0 kW/m 2 ; same that it is used usually for domestic water heating (solar heating) and for electricity generation (photovoltaic).
Precisely, recent studies show that solar energy is the greater natural resource of utilization since it provides more energy in one hour to our planet that the entire world's population consumes in a year. In this context, if Sun is the main energy source, this can be stored and available for the user's demand, i.e., requiring his capture, conversion and storage, compared to fossil energy, the savings can be significant [6] .
However, the substitution of conventional energy production to renewable solar not can be popularize and imitate in any time and space under the same conditions and characteristics. Nor it occurs spontaneously, by itself or by decree. On the contrary, it is a process that has occurred (since the first oil crisis) on concern countries in obtaining energy resources that enable people to an integral, endogenous and specific development for each territory. For this purpose, it requires the active participation of different stakeholders, agreements and common interests in energy projects.
In terms of obtaining accurate data of solar radiation, this information becomes important for local development; however, worldwide data are scarce, due to the high costs of the instruments of measurement, accuracy and maintenance. Therefore, characterize it reliably without terrestrial information required to have or use other current technologies based on satellite images that allow high resolution to estimate its amount, considering its terrain and climatic characteristics.
In relation to the above issues raised, the objective of this study is to obtain, through the management of data from satellite images, the main results on the amount of solar radiation in the State of Jalisco, Mexico and Guadalajara Metropolitan Zone (ZMG). The results of this analysis can be motivation to the development and use of solar energy as the primary energy source in the region.
Antecedents
The models for the estimation of solar radiation are needed as references to understand the geometric and environmental factors that affect the flow of solar radiation energy and make estimates where there is global irradiation data and its components. The first models developed determined the global solar radiation starting to meteorological variables; including humidity, precipitation, cloud cover and effective sun hours. To become more common measurement models were developed to determine the direct and diffuse components. Currently they stand the methods for estimating the solar radiation and its components from the data provided by satellite imagery.
In this case, geostationary satellites carry out the monitoring of the atmosphere and cover of clouds continuously at different time scales (e.g., hourly and monthly), covering large regions. Regarding the Geostationary Operational Environmental Satellite (GOES) has the advantage of providing insolation data on a continental scale with high spatial and temporal resolution; generates solar radiation maps with a detailed resolution on specific regions. Such maps provide an excellent opportunity to study the climate and surface energy [7] . Therefore, this makes them a suitable source of information for integration into Geographic Information Systems (GIS).
The estimating from models based on satellite data, as any other technique has a margin of error conventionally considered, a mean square error between 20%
and 25%, when compared with measurements carried out by stations located at specific sites. It is for this reason that should be noted the importance of terrestrial networks (stations distributed in the observed territory) as an essential source of information [8] . In addition, knowledge of the solar radiation is crucial for obtaining and implementing different models; among them, evaporation of water and efficiency in irrigation systems, crop growing and energy efficiency, among others.
Several studies have shown that countries located within the so-called Global Solar Belt (CSG) represent about 75% of the world population and 40% of the global electricity demand (Figure 1 ) [9] . However, high levels of solar radiation, the installed capacity in these countries only makes up only 9% globally [10] . A study published in 2010 reported that the countries located in this belt (between the latitudes of ±35˚ with respect to the Equator) have solar potential which still not been effectively exploited. A study published in 2010 reported that the countries located in this belt (between the latitudes of ±35˚ with respect to the Equator) have solar potential which still not been effectively exploited [11] . These instruments are for public use and provide information related to the amount of received solar radiation and wind potential in the territory; In addition, they can be the beginning of regional and local studies [13] .
In this context, its location on the American continent, geography, latitude of the Mexican territory [14] . In this respect, the Federal Government has developed a rural electrification project in the country with two main objectives; 1) integrate in rural areas sustainable and efficient energy services, i.e., using solar thermal and photovoltaic, and 2) improve the quality of life of the inhabitants of those areas. Based on the geographical location and mentioned by Thoma, et al. [14] Moreover, in relation to the registered studies using information from the network of stations, González et al. [18] shows relevant results regarding the amount of incident solar radiation on surface and day length in the ZMG ( Figure 5 ).
It should be noted that in surface observations are scarce in rural areas and when they have, are just specific examples which provide little information on the spatial variability of the solar radiation. Measurements of clouds using Earth satellites have the potential to complement surface observations, providing information on incoming solar radiation at large spatial and temporal scales [19] .
Study Area
The State of Jalisco ( The municipality of Guadalajara is the most populous metropolitan area with about 1.5 million inhabitants; Zapopan is followed with little more than 1.2 million, Tlaquepaque with more than 600 thousand, Tonala with more than 470 thousand, Tlajomulco de Zuniga, with more than 400 thousand and jump with a little more than 137,000 inhabitants (Table 1 ). In contrast, Ixtlahuacan de los Membrillos and Juanacatlan are municipalities with the lowest population; with around 41 thousand, and with more than 13,000 inhabitants, respectively [22] .
Climate
The Guadalajara Metropolitan Zone is characterized by the influence of a temperate climate subhumid with rains in summer. The interval between March and May corresponds to the dry and hot season; then, just in the transition period May-June when rainy season starts, same may be extended until October (summer rains). This range of rainfall is characterized by the presence of storms with intense electrical activity and significant winds that at times be accompanied by hail (severe local storms). In months of December, January and February is when present influence the lower temperatures. Another significant fact is the extreme minimum temperature observed on December 14, 1997 (−7.0˚C). A particular experience was the snowfall for the month of December 1997 in the city of Guadalajara; a fact abnormal, whereas the previous one took place on February 8 of 1881; that is, after 116 years. In resume, climate two typical characteristics are obtained, 1) the northern climate is warmer, colder and less rainy, and 2) the southern climate is less warm, less cold and wettest (Table 2 ) [23] . In addition to the regional climate in case study, data from ground stations to be considered in the analysis of The nomenclature of 01 -12 indicates the months of the year from January to December. Temperature: in ˚C [23] .
the solar potential is that in 365 days of the year, 270 days have an average of 9 hours of sunshine [24] .
Data and Methods
A widely methodology used in obtaining information solar radiation was developed by Stewart et al. [25] , who estimated solar radiation from visible band data obtained by the GOES satellite over northwestern Mexico; the results obtained allow comparisons against ground measurements showing positive correlation, especially in the months of low cloud cover. In the present study, satellite imagery is the primary tool used. The information for the State of Jalisco was obtained through remote sensing satellite; among them, the digital elevation model (DEM) Aster Global Digital Elevation Model (ASTER GDEM v2.0) [26] .
It was delimited the area of work towards the four cardinal points by strips of up to 1.5 degrees of arc. In doing so, they set data from sources whose territory 
Results and Discussion
The monthly maps for Sun hours for cloudless sky and the annual average, both for the State of Jalisco and its Metropolitan Zone ( Figure 7 and Figure 8 Sun hours. These results show a viable option for harnessing inexhaustible energy. In this case, the period is located in the season of summer and early autumn. The regions of the Centre-East, and coast of the State, are the areas that logged more hours of sunshine. The topography of the place has a transcendent role, since in some areas these periods may vary by a domain of shadows from the mountainous surfaces. Finally, in the analysis of his annual average, reported up to 12 hours of Sun, highlighting the East and Central regions and coast of Jalisco; while the ZMG shows a domain between 11 and 12 hours. These results are related to those reported by González et al. [18] .
Similarly, monthly and annual average global maps for insolation in clear sky, both for the state of Jalisco and his metropolis ( Figure 9 and Figure 10) were obtained. Precisely, the results obtained reported values of 6 kWh/m 2 -Day for the month of November, 5 in December, a slight increase in January (6) and between 6.5 and 7 for the month of February, respectively; months that correspond to half the stations autumn and winter.
Likewise, in the month of March (transition winter-spring) begins to be observed an increase in the values of solar radiation in the range of 7.5 to 8 kWh/ m 2 -Day. In this order, during the months of April, May, June, July and August are reported ranges from 8 to 9.5 kWh/m 2 -day. These results are for the period of spring and early summer. The months of May, June and part of July can be identified as the most significant in the study area. reported. Similarly, the GMA has a similar trend. These results are above those obtained by Gonzalez et al. [18] and Almanza et al. [17] .
The results obtained in this research can be contrasted with those reported by other authors and in different countries. An example of this are the Atlas of Solar Radiation obtained for Galicia, Spain [2] , Iberian Peninsula [27] , Peru [28] and Colombia [29] . In the case of Jalisco, the information generated is based on knowing and demonstrate the importance that the use of solar resource. In counterpart, Mexico and particularly in Jalisco that presents adequate conditions for its utilization, has not yet been promoted and developed as it should.
Although it is known that the provision of solar energy is subject to geographical features, weather, climate, technological progress and, in the case of Mexico, to their public policies in the field of energy, the present study shows that the region is ideal for its rise and progress.
For this reason, it is necessary to know the amount and distribution of solar radiation incident on a territory, as well as daily, monthly and yearly variation.
Precisely, Morton [30] notes that the Earth-Atmosphere system receives in an hour more solar energy of what human activities consume in a year.
The importance of the solar radiation, its measurement is scarce due to the high costs of the precision instruments required and its maintenance, so that the measurement network in the state of Jalisco and in other places of the world is limited. In this regard, the great topographical and climatic variability in Jalisco, oblige consider better-distributed monitoring networks that allow a more accurate and detailed assessment of this resource. It is necessary to use tools for data generation of solar irradiation in areas that do not have them; an example of this is the solar radiation characteristic of a particular region that is represented through monthly and annual maps with interpolation and extrapolation techniques made from measures on surfaces of other stations [28] .
In addition, detailed knowledge of the spatial and temporal distribution of the incoming solar radiation on the earth's surface has the potential utility for a wide range of hydrological applications and agronomic characteristics, including the estimation of evapotranspiration and flows of regional carbon, the management of the water supply, and the application of precision farming practices [7] . Also, through weather satellites it is possible to estimate the surface irradiation in a number of sites, higher than the available ground sensors. The resolution on the regions of great geographical coverage is approximately 1 km 2 when it comes to images in the visible spectrum. The cloud cover is the parameter with the largest influence on the solar radiation, so this capability of the satellites implies an important potential for assessing the solar resource [8] . surface insolation levels and they are obtaining positive information for the exploitation of this resource. In addition, it enters the plans of the Federal Government for the development of networks that allow implementing renewable energies, particularly solar and wind [10] . It is also relevant to note that in Latin America, Mexico compared with Brazil, Chile and Argentina, is the one with the highest potential for converting Sun's energy into electricity.
Conclusions
Solar energy development plans may be the most beneficial from the environmental point of view. The impacts are specific for each type of region.
Taking advantage of the solar potential in the territory depends on various aspects, such as weather and climatic conditions in the area, the intensity of solar radiation received at the surface, as well as the hours of Sun that they register every day. If the geographical position of the zone is favorable and the climatic information enters the permissible range, there can be carried out tasks of utilization of the solar power.
According to the results achieved, the territory of Jalisco receives generous amount of solar radiation (7 and 8 kWh/m 2 -day by an average of 11 to 12 hours of daily sun), enough reason to boost its development.
The information derived from this research allows catching the investors' attention and society in general on the use of renewable sources of energy, especially solar. Likewise, it stimulates the innovation and development of necessary technologies to obtain heat and electricity in diverse applications such as electrification projects, water heating, dehydration of food, in agriculture, in ranching, bioclimatic design of buildings, among others.
The use of the solar potential is a viable and credible alternative for the generation of clean energy; therefore, this one must be in use and his cost must be reasonable. Though the renewable resources are generally difficult and far from their increased demand, the problems of transfer and energetic storage must be approached from his accessibility, his cost, guarantees and the application of the framework of law. The latter is manifesting as the biggest obstacle to their progress [33] .
Sun has a unique role in sustainable energy production and far exceeds other sources of renewable energy. This solar energy can be converted, captured and stored steadily for use for the benefit of societies and environmental protection; in addition to do the energy in self-sufficient regions as mentioned [6] .
Finally, one of the advantages that offer the solar power is to generate electricity in isolated places, without needing to implement electrical traditional infrastructure. This allows the opportunity of the population to obtain the benefits of the electricity without causing environmental damage and significant savings. In addition, in conformity with Thoma, et al. [13] , Sun is not subject to the international markets, for what, the installation in any remote regions and a good training to the population can be the opportunity to generate employments, to diminish the migration and the urban conglomerates.
